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BACKGROUND OF THE INVENTION 

The invention relates to a correlator in a receiver for a spread spec- 
trunn signal and particularly to the generation in the correlator of the different 
5 code phases required in the tracking of a spreading code. 

In spread spectrum systems, the bandwidth used for transmitting a 
signal is substantially wider than is required for the data to be transmitted. The 
spectrum of a signal is spread in the transmitter by means of a pseudo- 
random spreading code, which is independent of the original data. In the re- 

10 ceiver, a code replica, which is an identical copy of said spreading code, is 
used to narrow the spectrum of a signal. Spread spectrum systems can be 
coarsely divided into direct sequence (DS) spread spectrum systems and fre- 
quency hopping (FH) spread spectrum systems. In frequency hopping sys- 
tems, the transmission frequency is varied in accordance with a pseudo- 

15 random spreading code within the limits of the available bandwidth, i.e. hop- 
ping occurs from one frequency to another. In direct sequence systems, the 
spectrum is spread to the available bandwidth by shifting the phase of the car- 
rier in accordance with a pseudo-random spreading code. The bits of a 
spreading code are usually called chips as distinct from actual data bits. 

20 To enable a spectrum to be narrowed in a direct sequence receiver, 

the receiver has to be able to synchronize with a received signal as accurately 
as possible and to maintain the synchronization. Rapid implementation of this 
synchronization is vital in several applications. 

Advantages of spread spectrum systems include their resistance to 

25 interference, wherefore they are generally used in military applications. Fur- 
thermore, in direct sequence systems, the propagation time of a signal be- 
tween a transmitter and a receiver can be accurately measured, enabling the 
use of applications utilizing distance measurement, such as positioning sys- 
tems. Distance measurement is based on synchronization of a spreading 

30 code, which can usually be carried out very accurately, usually at an accuracy 
of more than 1/10 chip. Further, since the frequency of the code is high, very 
good measurement accuracy is achieved. When the transmission time of the 
code is known, the time taken up by the propagation of the signal can be cal- 
culated, which, by division with the speed of light, yields the distance between 

35 the transmitter and the receiver. 
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Figure 1 shows a spread spectrum system based on a direct se- 
quence, in whicli system a transmitter 101 comprises not only a data modula- 
tor 104, but also a spreading code modulator 106 for spreading a transmitted 
spectrum by means of a spreading code. A receiver 102 comprises a de- 
5 spreading modulator 108, which operates with a spreading code replica identi- 
cal to said spreading code and correlates a received signal with said spread- 
ing code replica. If the spreading code and the spreading code replica gener- 
ated in the receiver are identical, and the spreading code replica and the 
spreading code included in the received signal are in phase, a data modulated 

10 signal preceding the spreading is obtained from the output of the despreading 
modulator 108. At the same time, any spurious signals are spread. A filter 110, 
which succeeds the despreading modulator 108, lets the data modulated sig- 
nal through, but removes most of the power of a spurious signal, which im- 
proves the signal-to-noise ratio of the received signal. In order for the system 

15 to operate, the spreading code replica generated in the receiver has to be and 
stay in phase with the spreading code included in the received signal. For this 
reason, a special synchronization algorithm is required for the spreading code 
in addition to regular carrier and data synchronization. 

A known manner of implementing spreading code tracking is to use 

20 the correlator of Figure 2, comprising two branches 202 and 204, in which an 
incoming signal is correlated with' an early Ce and late C, spreading code 
replica locally generated with generation means 209. Both branches comprise 
a multiplier 205, 206 for correlating the signal, a filter 207, 208, and a quad- 
ratic detector 210, 211 for detecting the correlation result. Correlation results 

25 214 and 216 obtained from the branches 202 and 204 are subtracted from one 
another by an adder 212. A discrimination function depending on the phase 
difference of the local spreading code replica and the phase error of the code 
included in the incoming signal Si„ and on the function of the detector used is 
obtained from the output of the adder 212, and this discrimination function is 

30 used to adjust the phase of the spreading code in the right direction. 

Figure 3 shows the graph of a discrimination function, which has 
been normalized such that the maximum amplitude of the signal is ±1 . 

Figure 4A shows another known correlator structure for spreading 
code tracking, i.e. a tau-dither correlator, in which the same correlator 402 is 

35 used alternately with an early Cg and late C, spreading code replica locally 
generated with generation means 407. A loop filter 404 averages a difference 



405 between alternate correlations, and as a result 406 is obtained a discrimi- 
nation function similar to that in the implementation of Figure 2. Figures 4B, 4C 
and 4D show the control signals g(t), g (t) and g'(t), respectively, of the tau- 

dither correlator of Figure 4A. Since in the tau-dither correlator, each correla- 
5 tion is calculated for only half the time, some of the signal-to-noise ratio of the 
signal is lost, but, owing to the smaller number of necessary components 
compared with the implementation of Figure 2, this structure has been popu- 
lar, particularly as an analog implementation. However, in present digital corre- 
lators, this structure is no longer much used. 

10 Figure 5 shows a third known structure for spreading code tracking. 

Here, early Ce and late C, versions of a spreading code replica locally gener- 
ated with generation means 509 are first subtracted from one another with an 
adder 506, and the obtained result 508 is correlated with an incoming signal 
Sin. This implementation is approximately equivalent to that of Figure 2, but 

15 requires fewer components than the implementation of Figure 2. 

Figure 6 shows a known structure for generating a phased code 
replica, i.e. a three-stage shift register 604. The generation means block of 
Figures 2, 4 and 5 can be replaced by the structure of Figure 6. A code replica 
Cjri generated with a code generator 602 controlled by a clock signal CLKge^ is 

20 clocked to the shift register 604 with a clock signal CLK^,, An early (ad- 
vanced) a precise Cp and a late C, (delayed) code replica are obtained from 
the outputs 606, 608, 610, respectively, of the registers of the shift register. 
The phase difference of the code replica between two register elements is 1/F, 
wherein F is the clock frequency of the shift register. This phase difference 

25 usually varies from the length of one chip to that of 1/10 chip. The most used 
phase difference is ±1/2 chip, yielding the best result as regards discrimina- 
tion. Smaller phase differences are used when spreading code phase tracking 
has to be more accurate, which is important particularly in distance measure- 
ment applications. A small phase difference of a spreading code results in a 

30 weaker signal-to-noise ratio for the discrimination signal used in spreading 
code replica tracking, but the error in spreading code tracking obtained as the 
final result is usually smaller than when a greater phase difference of a 
spreading code is used. The phase difference is usually generated by obtain- 
ing the clock signal CLK^, of the shift register from a clock generator controlled 

35 in accordance with the tracking algorithm of the spreading code, and the clock 
signal CLKgen of the code generator is generated by dividing the clock signal 
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generated by the clock generator by a positive integer (usually between 2 and 
10). If the division ratio exceeds two, 'narrow' correlation is involved, and is 
useful when the attempt is to decrease the phase error in spreading code 
tracking caused by nnultipath propagation. In such an implennentation, the dis- 
5 crimination function can be changed by changing both the frequency of the 
clock generator and the division ratio in such a manner that the clock fre- 
quency of the code generator remains unchanged. The problem in such ad- 
justment is that when the clock frequency is changed, the length in time of the 
shift register changes, which changes the timing of the generated spreading 

10 code replica. A three-stage shift register cannot either be used to implement 
more than ±1-chip wide 'wide' discrimination functions because of the autocor- 
relation properties of the spreading code, since when small code phase errors 
are used, a 'dead point' is created in the discrimination function, and at this 
point the value of the function is zero. 

15 It is also known to use a longer than three-stage shift register for 

generating code phases and more complex discrimination functions in such a 
way that each output of the shift register is separately connected to a separate 
correlator. However, such a structure requires more components than the 
structure shown in Figure 6. 

20 BRIEF DESCRIPTION OF THE INVENTION 

It is an object of the invention to provide a device for generating dif- 
ferent code phases so as to allow the discrimination function to be changed 
without changing the ratio of the clock frequencies of the shift register and the 
code generator and to allow different phase differences and discrimination 

25 functions that are of different widths or complex to be implemented with a sim- 
ple structure. The objects of the invention are achieved with a device, which is 
characterized by what is stated in the independent claims. The preferred em- 
bodiments are disclosed in the dependent claims. 

In the invention, the desired code phase is generated by combining 

30 the desired outputs of a multi-stage shift register as a suitable linear combina- 
tion with a special logic branch. Each code phase (e.g. early, precise or late) 
preferably has a separate logic branch, or code phases can be taken directly 
from the outputs of the shift register. There may be one or more such logic 
branches that generate code phases, and each output of the shift register can 

35 preferably be connected to more than one logic branch. 



In an embodiment of the invention, different code phases are gen- 
erated by combining the outputs of the shift register and by taking code 
phases directly from the outputs of the shift register. 

In a second embodiment of the invention, all outputs of the shift reg- 
ister are connected to each logic branch. This allows corresponding code 
phases to be generated from any combination of shift register outputs. 

In a third embodiment of the invention, shift register outputs are 
connected to logic branches and interlaced so that for example two early code 
phases and two late code phases are achieved. 

According to still another embodiment of the invention, the 
combination of the shift register outputs is controlled at the logic branches at 
least with one combination control signal. This enables easy setting and 
change of a code phase by changing the combination control signal(s). 

The invention is preferably suitable for the generation, in a correla- 
tor implemented with a correlator structure shown in Figures 2, 3 or 5, of code 
phases having different phases and required in spreading code tracing. Such 
implementation of code tracing is necessary for example in spread spectrum 
receivers. 

The device of the invention is advantageous as it allows the gener- 
ated code phases to be changed by software and the out-of-phase code repli- 
cas obtained from different outputs of the shift register to be combined linearly 
in order to implement versatile discrimination functions. Furthermore, the de- 
vice of the invention also enables the implementation of 'wide' discrimination 
functions. 

BRIEF DESCRIPTION OF THE FIGURES 

The invention will be described below in greater detail by preferred 
embodiments with reference to the attached drawings, in which 

Figure 1 shows a spread spectrum system based on a direct se- 
quence; 

Figure 2 shows a prior art correlator structure; 
Figure 3 shows the graph of a discrimination function; 
Figure 4A shows a second prior art correlator stoicture; 
Figure 4B, 4C and 4D show control signals of the correlator struc- 
ture of Figure 4A; 

Figure 5 shows a third prior art correlator structure; 
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Figure 6 shows a prior art structure for generating an early, precise 

and late code phase; 

Figure 7 shows an implementation according to the invention; 
Figure 8 shows a one-bit implementation of the implementation of 

5 Figure?;. 

Figure 9A shows a second implementation according to the inven- 
tion; 

Figure 9B shows a third implementation according to the invention; 

and 

10 Figures 10A to 13D show the graphs of discrimination functions ob- 

tained with a structure according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 7 shows an implementation according to the invention, com- 
prising a 9-stage shift register 702 and an early 722, late 723 and a precise 

1 5 724 branch for generating an early Ce, precise Cp and late C, code phase, re- 
spectively. A code C,„, generated with a code generator 602 which is con- 
trolled by a clock signal CLKg^n and corresponds to the code generator shown 
in Figure 6, is applied to the shirt register 702, which comprises registers 703 
to 711 and is controlled by a clock signal CLK^,. Branch 722 comprises four 

20 ■ multipliers 712 to 715 and a 4-input adder 720, and branch 723 comprises four 
multipliers 716 to 719 and a 4-input adder 721. To the inputs of multipliers 712 
to 715 of branch 722 are connected the outputs of registers 703 to 706, re- 
spectively, and combination control signals ecO to ec3, which are used to set 
weighting coefficients for the outputs of registers 703 to 706. The outputs of 

25 multipliers 712 to 715 are connected to the outputs of adder 720, and the early 
code phase Ce is obtained from the output of adder 720. To the inputs of mul- 
tipliers 716 to 719 of branch 723 are connected outputs of registers 708 to 
711, respectively, and combination control signals IcO to Ic3, which are used to 
set weighting coefficients for the outputs of registers 708 to 711. The outputs 

30 of multipliers 71 6 to 71 9 are connected to the inputs of adder 721 , and the late 
code phase C, is obtained from the output of adder 721. The output of register 
707 is connected to branch 724, from whose output the precise code phase Cp 
is obtained. The implementation of Figure 7 can be advantageously used also 
without the precise branch 724 in a correlator structure of the kind shown in 

35 Figure 5. 
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Figure 8 shows a one-bit implementation of the structure of Figure 
7, in which multipliers 712 to 719 and adders 720 and 721 are implemented 
with AND components 812 to 819 and OR components 820 and 821, respec- 
tively. An 8-bit control signal Ctrl corresponds to the control signals ecO to ec3 
5 and IcO to Ic3. This circuit is useful when one of the outputs of registers 703 to 
706 is selected to branch 722 and one of the outputs of registers 708 to 71 1 is 

selected to branch 723. 

Figure 9A shows a second implementation according to the inven- 
tion, which, corresponding to the implementation of Figure 7. comprises a 
10 code generator 602, a 9-stage shift register 702 and branches 722, 723 and 
724 for generating an early Ce, precise Cp and late C, code phase, respec- 
tively. In this case branch 722 comprises nine multipliers 901 to 909 and a 9- 
input adder 910, branch 723 comprises nine multipliers 911 to 919 and a 9- 
input adder 920, and branch 724 comprises nine multipliers 921 to 929 and a 
15 9-input adder 930. To the inputs of multipliers 901 to 909 of branch 722 are 
j.n connected the outputs of registers 703 to 711, respectively, and combination 

control signals ecO to ec8, which are used to set early branch weighting coeffi- 
cients for the outputs of registers 703 to 71 1 . The outputs of multipliers 901 to 
909 are connected to the inputs of adder 910 and the early code phase Ce is 
20 obtained from the output of -adder 910. To the inputs of multipliers 91 1 to 919 
of branch 723 are connected the outputs of registers 703 to 711, and com- 
bination control signals IcO to lc8, which are used to set late branch weighting 
coefficients for the outputs of registers 703 to 711. The outputs of multipliers 
91 1 to 919 are connected to the inputs of adder 920, and the late code phase 
25 C, is obtained from the output of adder 920. To the inputs of multipliers 921 to 
929 of branch 724 are connected the outputs of registers 703 to 711, and 
combination control signals pcO to pc8, which are used to set precise branch 
weighting coefficients for the outputs of registers 703 to 711. The outputs of 
multipliers 921 to 929 are connected to the inputs of adder 930 and the pre- 
30 cise code phase Cp is obtained from the output of adder 930. 

Figure 9B shows a third implementation according to the invention, 
in which two early Cei and C^s and two late C^ and C|2 code phases are gener- 
ated. The implementation comprises a code generator 602 and a 9-stage shift 
register 702, corresponding to the implementation of Figure 7. In addition, the 
35 implementation comprises four logic branches 951 to 954 for generating said 
two early C^^ and C^a and two late C,, and C,2 code phases. A 16-bit combina- 
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tion control signal CTRL controls the combination. Logic branch 951 comprises 
four logic gates 931 to 934 and a four-input adder 947, logic branch 952 com- 
prises four logic gates 935 to 938 and a four-input adder 948, logic branch 953 
comprises four logic gates 939 to 942 and a four-input adder 949 and logic 
5 branch 954 comprises four logic gates 943 to 946 and a four-input adder 950. 
Logic gates 931 to 946 are three-level logic gates comprising a control input 
Ctrl, a data input datajn and an output data_out, and which implement the 
truth table according to Table 1 . 

1 0 Table 1 . Truth table of logic gates 931 -946 



Ctrl 


data_in 


clata_out 


0 


-1 


0 


0 


0 


0 


0 


+1 


0 


1 


-1 


-1 


1 


0 


0 


1 


+1 


+1 



To the data and control inputs of logic gates 931 to 934 of branch 
951 are connected the outputs of registers 703 to 706, respectively, and bits 0 

15 to 3 of combination control signal CTRL, the bits being able to be used to se- 
lect the outputs of registers 703 to 706 that are to be connected to this branch 
951. The outputs of logic gates 931 to 934 are connected to the inputs of ad- 
der 947, and the first early code phase Cei is obtained from the output of adder 
947. To the data and control inputs of logic gates 939 to 942 of branch 953 are 

20 connected the outputs of registers 704 to 707. respectively, and bits 4 to 7 of 
combination control signal CTRL, the bits being able to be used to select the 
outputs of registers 704 to 707 that are to be connected to this branch 953. 
The outputs of logic gates 939 to 942 are connected to the inputs of adder 
949, and the second early code phase 's obtained from the output of adder 

25 949. To the data and control inputs of logic gates 935 to 938 of branch 952 are 
connected the outputs of registers 707 to 710, respectively, and bits 8 to 1 1 of 
combination control signal CTRL, the bits being able to be used to select the 
outputs of registers 707 to 710 that are to be connected to this branch 952. 
The outputs of logic gates 935 to 938 are connected to the inputs of adder 
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948; and the first late code phase C,, is obtained from the output of adder 948. 
To the data and control inputs of logic gates 943 to 946 of branch 954 are 
connected the outputs of registers 708 to 711, respectively, and bits 12 to 15 
of combination control signal CTRL, the bits being able to be used to select 
5 the outputs of registers 708 to 71 1 that are to be connected to this branch 954. 
The outputs of logic gates 943 to 946 are connected to the inputs of adder 
950, and the second late code phase 0,2 is obtained from the output of adder 
950. 

Figures 10A to 13D show discrimination functions generated from 
10 different code phases obtained by means of different combination control sig- 
nals using the structure of Figure 7. The graphs are normalized in the same 
way as the graph of Figure 3, i.e. maximum amplitude is +1. Accordingly, the 
graphs are not directly comparable, but rather show the shape and width of a 
discrimination function in each particular case. The shape of a discrimination 
1 5 function depends on both the phasing of the shift register 702 and the function 
of the detector used to detect the correlation result. When linear detection is 
used, coherent reception has to be used, and the detection is carrier out at the 
I branch of the l/Q signal. When quadratic detection is used, the detection is 
carried out at both the I and Q branches, and the results obtained are summed 
20 up. Discrimination functions have the general form: 

D(t ) = Re (det ( C (x ,dout_e, in))) - Re (det ( C (-c .doutj. in))), 
wherein 

det 0 = detector function, which is 
25 for a linear detector: det (I + jQ) = 1, and 

for a quadratic detector: det (I + jQ) = P + 
C (t , X, y) = correlation function for phase difference x : 

C(t,x, y)= jx(t)y(t + T), 
T = phase difference between incoming signal and precise code 

30 phase, 

dout_e = early code phase, 

doutJ = late code phase, 

in = signal inconning to receiver. 

35 Figures 10A to 10D show discrimination functions of a 'narrow' cor- 

relator, obtained by linear detection. One output of the shift register 702 is se- 



lected to the early 722 and late 723 branches. The clock frequency of the shift 
register 702 used is 8*chip frequency (= 8*clock frequency of code generator), 
i e. the phase difference between the outputs of two successive registers of 
the shift register 702 is 1/8 chip long. In Figure 10A, the output of register 706 
5 is selected to the early branch 722, and the output of register 708 is selected 
to the late branch 723. In Figures 10B, 10C and 10D, the corresponding regis- 
ters are 705 and 709, 704 and 710, 703 and 71 1, respectively. 

Figures 11A to 11D show discrimination functions of a 'wide' corre- 
lator, obtained by linear detection. The clock frequency of the shift register 702 
10 used is the same as the chip frequency, i.e. the phase difference between two 
successive register outputs of the shift register 702 is 1 chip long. In Figure 
11 A, the output of register 706 is selected to the early branch 722, and the 
3 output of register 708 is selected to the late branch 723. In Figure 11B, the 

j;J corresponding registers are 705 and 709. In Figure 11C, the outputs of regis- 

J5 15 ters 703 to 706, summed up, are selected to the early branch, and the outputs 

t-J of registers 708 to 711, summed up, are selected to the late branch. In Figure 

Jiij 11D, the sum of the outputs of registers 703, 704, 705 and 706 is selected to 

the early branch, the sum being weighted with weighting coefficients 4, 3, 2 
% and 1 , respectively, and the sum of the outputs of registers 708, 709, 710 and 

\1 20 711 is selected to the late branch, the sum being weighted with weighting co- 

1;^ efficients 1,2,3 and 4, respectively. 

n Figures 12A to 12D show discrimination functions of a 'narrow' cor- 

relator, obtained by quadratic detection. One output of the shift register 702 is 
selected to the early 722 and late 723 branches. The employed shift register 
25 702 clock frequency is 8*chip frequency, i.e. the phase difference between the 
outputs of two successive registers of the shift register 702 is 1/8 chip long. In 
Figure 12A, the output of register 706 is selected to the early branch 722, and 
the output of register 708 is selected to the late branch 723. In Figures 12B, 
12C and 12D, the corresponding registers are 705 and 709, 704 and 710, 703 

30 and 71 1 , respectively. 

Figures 13A to 13D show discrimination functions of a 'wide' corre- 
lator, obtained by quadratic detection. The employed shift register 702 clock 
frequency is 2*chip frequency, i.e. the phase difference between two succes- 
sive register outputs of the shift register 702 is 1/2 chip long. In Figure 13A, 

35 the output of register 706 is selected to the early branch 722, and the output of 
register 708 is selected to the late branch 723. In Figure 138, the correspond- 
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ing registers are 705 and 709. In Figure 13C, the outputs of registers 703 to 
706, summed up, are selected to the early branch, and the outputs of registers 
708 to 711, summed up. are selected to the late branch. In Figure 13D. the 
sum of the outputs of registers 703, 704, 705 and 706 is selected to the early 
5 branch, the sum being weighted with weighting coefficients 4, 3, 2 and 1, re- 
spectively, and the sum of the outputs of registers 708, 709, 710 and 711 is 
selected to the late branch, the sum being weighted with weighting coefficients 
1,2,3 and 4, respectively. 

The structure of the invention is not limited to a three-branch im- 

10 plementation only. The precise code phase can be generated as a combina- 
tion of the early and late code phases, allowing the use of the structure of the 
invention as two-branched. The structure of the invention can be used as sin- 
gle-branched for example in the correlator shown in Figure 5, in which the 
early and late code phases are summed up before correlation, by replacing 

15 the generator 509 and the adder 506 by the single-branch structure and code 
generator of the invention. Structures according to the invention including 
more than three branches are also feasible. 

The structure of the invention, combined with a code generator, is 
usable for example in the correlator shown in Figures 2, 4 or 5, by replacing 

20 the generator 209, 407 or 509, respectively, with the structure and code gen- 
erator of an embodiment of the invention. In other respects, the structure and 
operation of the correlator are as shown in the figures. Such a correlator can 
be used for example in the spread spectrum receiver 102 of Figure 1. The in- 
vention thus relates also to a correlator and/or spread spectrum receiver, or 

25 the like device using the structure of the invention. 

It is obvious to a person skilled in the art that as technology ad- 
vances, the basic idea of the invention can be implemented in a variety of 
ways. The invention and its embodiments are thus not limited to the above 
examples, but may vary within the scope of the claims. 

30 



